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ESTIMATES OF PRIMARY AND SECONDARY PARTICLE DOSES BEHIND
ALUMINUM AND POLYETHYLENE SLABS DUE TO INCIDENT
SOLAR- FLARE AND VAN ALLEN BELT PROTONS

W. Wayne Scott

ABSTRACT

Primary proton and secondary particle doses (both
physical and biological) behind aluminum and polyethylene
slabs of varying thicknesses have been computed for
normally incident solar-flare protons with spectra of
characteristic rigidities (Po = 50, 60, 80, 100, 120, and
195 MV) and for the Freden-White spectrum of protons in
the Van Allen belt. The computations were performed with
a proton penetration code (CCC-64/ILPSC) recently developed
by the NASA Lewls Research Center.

I. INTRODUCTION

It is known that several intense sources of radiation exist in our
space environmment which present a hazard to manned space flights, and
protection against these radiations must be provided for if man is to
venture into space successfully. In order to determine the shielding
necessary to reduce the radiation to tolerable limits one must consider
the strength and nature of the radiation, the interaction of the radia-
tion with the shield materials, and the effect on an astronaut of the

radiation which penetrates the shield.
-

As part of a continuing study of the interactions of protons with
shielding materials, the results obtained with several proton-penetration
codes available to the Radiation Shielding Information Center were re-
cently compared,l and the comparison substantiated to some degree (see
comments in ref. 1) the validity of a NASA Lewis Research Center code®

(LPSC)* for calculating shield penetration data of interest to NASA shield

*Packaged for distribution by the Radiation Shielding Information Center
as CCC-64/LPSC.
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designers.¥ Thus some confidence in the shielding code itself having
been established, LPSC was used to estimate the doses behind aluminum

and polyethylene slabs that result from protons normally incident on the
slabs. The incident spectra were assumed to be those of solar-flare
protons and of Freden-White protons.® Both primary and secondary particle
doses were obtained, and the results are presented in both graphic and

tabulated form.

IT. LPSC: CODE DESCRIPTION

IPSC calculates the primary and secondary particle doses behind
multilayer shields of infinite extent and finite thickness due to a
prescribed incident spectrum of protons. Since a very detailed descrip-
tion of the code is given in ref. 2, only a few general comments will be

presented here.

The stralghtahead approximation is used in treating the high-energy
"cascade' particles produced from nonelastic collisions -- that is, it
is assumed that when a nonelastic collision occurs, the high-energy
secondary particles are emitted in the direction of the incident particles.
The code assumes that the low-energy "evaporation" secondary neutrons
from nonelastic collisions are emitted isotropically and takes into
account this angular dependence. Data developed by Bertini* for parti-
cle production from high-energy nonelastic collisions have been

incorporated into the code.

ITT. RADTATION SOURCES

The radiation environmment in space consists of three major compo-
nents: galactic cosmic rays, solar cosmic rays, and the so-called Van
Allen entrapped radiations. Fortunately, however, the intensity of
cosmic rays is small (=2 particles/bm?-sec), and the dose from them

can be neglected unless very long missions are contemplated. Therefore,

*#It should be noted at this point that for the comparisons presented in
ref, 1 the upper limit on the incident flare spectra was 400 MeV, whereas
for these calculations the upper limit has been extended to 1 GeV. The
error caused by the extension is not known but is probably not large
since the higher energy incident protons do not contribute an excessive
amount to the total dose.
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this pap:r will consider only doses that result from solar cosmic rays

and Van All-n radiations.

Solar cosmic rays are high-energy particles emitted whern 3distur-
bances of poorly understood origin -- solar flare events -- take place
on the sun. These particles present the major radiation hazard for space
travel outside the earth's magnetic field. The particle flux is composed
of protons, a varying number of alpha particles and a small admixture
of heavier nuclel; however, for the purpose of computing dose in these

calculations only protons are considered.

A statistical analysis of the solar proton events for the purposes
of making dose estimations was carried out by Modisette and co~workers.B
This became a necessity in that the intensity and energy spectrum vary
markedly from event to event. The time-integrated omidirectional

integral proton spectrum may be represented as

Jp( >E) = J, exp [-P(E)/Po] (%.1)

Jp( > E) = number of protons per unit area in the flare having

kinetic energy greater than E,

P(E) = rigidity
= pc/Ze,

p = particle momentun,
¢ = speed of light,
Z = charge number (1 for protons),
e = electronic charge,
Jos Py = parameters which characterize a particular flare.

Modisette et g&.s give values of the parameters J, and P, for a
large number of flares. They find that P, varies between 50 and 200 MV
and that the total number of protons with energy greater than 30 MeV

varies from 10° protons/cm2 to 10° protons/cm?. Thus this range of P,
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values characterizes the solar-flare spectra which have been considered

for the dose computations herein.

The differential kinetic energy spectra obtained by differentiating

Eq. 3.1, i.e.,

1
g J E+M r 2
@B:: 7o b T €XPp < - LE(E + 2M )‘! POe > ) (3.2)
o° [E(E+ oM )] P
where N% = proton rest-mass energy, are shown in Fig. 1 for PO values of

200, 100, and 50 MV, respectively.® In this figure all of the flare
spectra are normalized to contain 10° protons/cmf with rigidity greater

than the rigidity of a 30-MeV proton.

The entrapped radiation in the earth's magnetic field, that is, the
radiation which makes up the Van Allen belts,® is reasonably localized
and is of primary importance when one considers orbital missions about
the earth which repeatedly pass through the belts. This radiation is
composed of both protons and electrons, but only the protons are of
interest here. To determine the proton spectrum which must be shielded
against for a particular mission, it is necessary to know explicitly the
orbit for the mission. However, in order to have something specific in
mind, the proton spectrum as measured by Freden and White® is taken to be
roughly representative of the kind of spectrum which must be shielded
against in the proton belt. For comparison purposes this spectrum is
included in Fig. 1. (Note the Van Allen proton flux scale is shown on

the right ordinate of the graph.)

Iv. RESULTS

Dose estimates behind varying thicknesses of aluminum and poly-
ethylene slab shields were calculated for solar-flare spectra of
characteristic rigidities, Po = 50, 60, 80, 100, 120, and 195 MV, and for
the Freden-White proton spectrum. These results are presented in Figs.

2 and 3% and in Tables 1-1k.
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Figures 2 and 3 represent the total dose vs shield thickness for
the range of Po values. These curves are largely self-explanatory. The
larger the Pg value the more slowly the dose curve falls off with depth.
The dose from the Freden-White spectrum is seen to be somewhat harder

than the dose from the flare spectra.

Tables 1-14 (copies of computer output sheets) each show the dose
results for a particular solar flare (Tables 1-12) or for the Freden-
White spectrum (Tables 13-14). The columns are labeled so as to be
self-explanatory. Doses shown in Tables 1-12 represent the dose per
flare with the incident integral spectrum normalized to one proton with

energy greater than 30 MeV.

Tables 13 and 14 represent the dose per second for the Freden-White

spectrum as presented in Fig. 1.
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